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Abstract—Electrical discharge machining (EDM) is the process of removing material from a conductive 
work piece by applying a high-frequency pulsed, electrical current to it via a solid, shaped electrode or 
EDM wire. The electrode never touches the work piece but instead discharges its current through an 
insulating dielectric fluid (water or oil) across a very small spark gap upon voltage, amperage, electrode 
material, and it and dielectric type. The spark is plasma hot, and melts the work piece material before it. 
EDM is one of the earliest non-traditional machining processes. EDM process is based on thermoelectric 
energy between the work piece and an electrode. In electrical discharge machining (EDM), a process 
utilizing the removal phenomenon of electrical discharge in dielectric, the working fluid plays an important 
role affecting the material removal rate and the properties of the machined surface. Choosing the right 
dielectric fluid is critical for successful operations. The paper describes the review of EDM process for 
difficult to cut or hard materials 
Keywords- Electrode, dielectric fluid, non conventional machining etc. 
Introduction  
Electric discharge machining is a thermo-electric 
non-traditional machining process. Material is 
removed from the work piece through localized 
melting and vaporization of material. Electric 
sparks are generated between two electrodes when 
a high potential difference is applied across them. 
Most of the molten and vaporized material is 
carried away from the inter-electrode gap by the 
dielectric fluid in the form of debris particles. To 
prevent excessive heating, electric power is 
supplied in the form of short pulses. Spark occurs 
wherever the gap between the tool and the work 
piece surface is predetermined. After material is 
removed due to a spark, this gap increases and the 
location of the next spark shifts to a different 
point on the work piece surface. Because of the 
material removal due to sparks, after some time a 
uniform gap distance is formed throughout the 
gap between the tool and the work piece. Thus, a 
replica of the tool surface shape is formed on the 
work piece as shown in Figure 1.1. If the tool is 
held stationary, machining would stop at this 
stage. However, if the tool is fed continuously 
towards the work piece then the process is 
repeated and more material is removed. The tool 
is fed until the required depth of cut is achieved. 
Finally, a cavity corresponding to replica of the 













Figure 1.1: Tool shape and corresponding cavity 
formed on work piece in die sinking EDM process 
  
The schematic of an EDM machine tool is shown 
in Figure 1.2. The tool and the workpiece form the 
two conductive electrodes in the electric circuit. 
Pulsed power is supplied to the electrodes from a 
separate power supply unit. The appropriate feed 
motion of the tool towards the workpiece is 
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generally provided for maintaining a constant gap 
distance between the tool and the workpiece 
during machining. This is performed by either a 
servo motor control or stepper motor control of 
the tool holder. As material gets removed from the 
workpiece, the tool is moved downward towards 
the workpiece to maintain a constant inter-
electrode gap. The tool and the workpiece are 
plunged in a dielectric tank and flushing 
arrangements are made for the proper flow of 
dielectric in the inter-electrode gap. Typically in 
oil die-sinking EDM, pulsed DC power supply is 
used where the tool is connected to the negative 
terminal and the workpiece is connected to the 
positive terminal. The pulse frequency may vary 
from a few kHz to several MHz .The 
interelectrode gap is in the range of a few tens of 
µm to a few hundred µm. Material removal rates 
of up to 300 mm3/min. can be achieved during 
EDM. The surface finish (Ra value) can be as high 
as 50 µm during rough machining and even less 
than 1 µm during finish machining. [1] 
 
Figure 1.2: Schematic of an Electric Discharge 
Machining (EDM) process 
 
Nowadays, most of the components used in 
automobile and aerospace industries are replaced 
by advanced materials such as Metal Matrix 
Composites and Inconel. These materials have 
high strength to weight ratio, hence machining of 
these materials is difficult by conventional 
machining process like turning, drilling, milling 
etc. due to non homogeneous composition present 
in it. Therefore, many of the researchers are 
searching for an alternative source of machining 
like unconventional machining process. Electro 
discharge machining is widely used non 
conventional machining process for such purpose. 
Few of the researchers have performed 
experiments on composites and Inconel using 
EDM process which includes analysis of process 
parameters such as pulse on time, current gap, and 
flow rate of dielectric fluid on material removal 
rate, surface finish and tool wear. However, 
comparison of effect of various dielectric fluids 
on machining of difficult to cut material has not 
been investigated yet. Therefore, we are planning 
to perform the experiments on difficult to cut 
material such as Inconel718 and Metal Matrix 
Composites (MMCs) by changing  dielectric fluid 
such as kerosene with silicon powder and with 
graphite powder, current and pulse on time.  
 
 
Characteristics of EDM 
 
(a) The process can be used to machine any 
work material if it is electrically 
conductive  
(b) Material removal depends on mainly 
thermal properties of the work material 
rather than its strength, hardness etc  
(c) In EDM there is a physical tool and 
geometry of the tool is the positive 
impression of the hole or geometric 
feature machined  
(d) The tool has to be electrically conductive 
as well. The tool wear once again 
depends on the thermal properties of the 
tool material  
(e) Though the local temperature rise is rather 
high, still due to very small pulse on 
time, there is not enough time for the 
heat to diffuse and thus almost no 
increase in bulk temperature takes place. 
Thus the heat affected zone is limited to 
2 – 4 µm of the spark crater. 
 
(f) However rapid heating and cooling and 
local high temperature leads to surface 
hardening which may be desirable in 
some applications  
(g) Though there is a possibility of taper cut 
and overcut in EDM, they can be 
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In EDM, as has been discussed earlier, material 
removal mainly occurs due to thermal evaporation 
and melting. As thermal processing is required to 
be carried out in absence of oxygen so that the 
process can be controlled and oxidation avoided. 
Oxidation often leads to poor surface conductivity 
(electrical) of the workpiece hindering further 
machining. Hence, dielectric fluid should provide 
an oxygen free machining environment. Further it 
should have enough strong dielectric resistance so 
that it does not breakdown electrically too easily 
but at the same time ionize when electrons collide 
with its molecule. Moreover, during sparking it 
should be thermally resistant as well.  
Generally kerosene and deionised water is used as 
dielectric fluid in EDM. Tap water cannot be used 
as it ionizes too early and thus breakdown due to 
presence of salts as impurities occur. Dielectric 
medium is generally flushed around the spark 
zone. It is also applied through the tool to achieve 
efficient removal of molten material. [2] 
 
Types of dielectric fluid.  
 
1. Mineral oils 
According to Wikipedia “Mineral oil or liquid 
petroleum is a by-product in the distillation of 
petroleum [3], [4]. 
 
2. Kerosene 
Kerosene was one of the first popular dielectric 
oils. Its primary benefit is that it has very low 
viscosity and flushes very well. Unfortunately, it 
has many drawbacks:(1) Low flash point(2) High 
volatility(3) Odor(4) Skin reactions In the “old 
days”, there were numerous EDM fires and 
explosions attributed to the use of kerosene [3], 
[4]. 
3. Mineral seal  
Mineral seal oil takes its name from the fact that it 
originally replaced oil derived from seal blubber 
for use in signal lamps and lighthouses. Mineral 
seal is petroleum based product that has many 
industrial applications, and was adopted by a 
number of aerospace companies as a dielectric 
fluid in the early days of EDM. In fact, it is still 
listed as approved aerospace dielectric oil today. 
Unfortunately, it has been identified as having 
some potentially carcinogenic components, and 
thus its use is no longer recommended [3], [4]. 
 
4. Transformer oil  
 
Transformer oil is another mineral oil based 
product that was tailored for use in EDMs due to 
its dielectric properties. Earlier generations of 
transformer oil were compounded with PCBs. 
Trans-former oil has no current application in 
EDM [3], [4].. 
 
Electrode Material  
 
Electrode material should be such that it would 
not undergo much tool wear when it is impinged 
by positive ions. Thus the localized temperature 
rise has to be less by tailoring or properly 
choosing its properties or even when temperature 
increases, there would be less melting. Further, 
the tool should be easily workable as intricate 
shaped geometric features are machined in EDM. 
Thus the basic characteristics of electrode 
materials are:  
• High electrical conductivity – electrons are 
cold emitted more easily and there is 
less bulk electrical heating  
• High thermal conductivity – for the same 
heat load, the local temperature rise 
would be less due to faster heat 
conducted to the bulk of the tool and 
thus less tool wear  
• Higher density – for the same heat load 
and same tool wear by weight there 
would be less volume removal or tool 
wear and thus less dimensional loss or 
inaccuracy  
• High melting point – high melting point 
leads to less tool wear due to less tool 
material melting for the same heat load  
• Easy manufacturability  
• Cost – cheap. 
The followings are the different electrode 
materials which are used commonly in the 
industry:  
• Graphite  
• Electrolytic oxygen free copper  
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• Tellurium copper – 99% Cu + 0.5% 
tellurium  
• Brass. [2] 
TYPES OF EDM  
The EDM process is most widely used by the 
mold-making tool and die industries, but is 
becoming a common method of making prototype 
and production parts, especially in the aerospace, 
auto-mobile and electronics industries in which 
production quantities are relatively low. It is also 
used for coinage die making, metal disintegration 
machining, etc. There are different types of EDM 
available which is briefly discussed below.  
 
1. Sinking EDM 
 
In the sinking EDM process, a mirror image of 
tool shape occurs on the surface of work piece. In 
this process, copper or graphite is generally used 
as electrode material. The numerical control 
monitors the gap conditions (voltage and current) 
and synchronously controls the different axes and 
the pulse generator. The dielectric liquid is 
filtrated to remove debris particles and 
decomposition products. In this process electrical 
energy turns into thermal energy through a series 
of discrete electrical discharges occurring between 
the electrode and work piece immersed in a 
dielectric fluid [5]. The thermal energy generates 
a channel of plasma between the cathode and 
anode. When the pulsating direct current supply is 
turned off, the plasma channel breaks down. This 
causes a sudden reduction in the temperature 
allowing the circulating dielectric fluid to implore 
the plasma channel and flush the molten material 
from the work piece surface [6].  
 
2. Wire EDM  
 
Wire-cut EDM (WEDM) is one of the most 
favorable variants owing to its ability to machine 
conductive, exotic and high strength and 
temperature resistive (HSTR) materials with the 
scope of generating intricate shapes and profiles 
[7]. It uses a thin continuously traveling wire 
feeding through the work piece by a micro-
processor eliminating the need for elaborate 
reshaped electrodes, which are required in the 
EDM. The wire-cut EDM process uses a thin 
copper wire of diameter about 0.1–0.3 mm as the 
electrode and the work piece is mounted on a 
controlled worktable, enabling complex two 
dimensional shapes can be cut on the work piece 
by controlled the movement of the X–Y worktable 
[8]. Wire EDM process is widely applied not only 
in tool and die-making industry, but also in the 
fields of medicine, electronics and the automotive 
industry [9].  
 
3. Micro EDM  
 
The recent trend in reducing the size of 
products has given micro-EDM a significant 
amount of research attention. Micro-EDM is 
capable of machining not only micro-holes and 
micro-shafts as small as 5µm in diameter but also 
complex three-dimensional (3D) micro cavities 
[10]. Micro EDM process is basically of four 
types: micro-wire EDM, die-sinking micro-EDM, 
micro EDM drilling and micro-EDM milling. In 
micro-wire EDM, a wire which has a diameter 
down to 0.02 mm is used to cut through a work 
piece. In die-sinking micro-EDM, an electrode is 
used containing micro-features to cut its mirror 
image in the work piece. In micro EDM drilling, 
micro-electrodes (of diameters down to 5–10  µm) 
are used to ‘drill’ micro-holes in the work piece. 
In Micro-EDM milling, micro-electrodes (of 
diameters down to 5–10 µm) are employed to 
produce 3D cavities by adopting a movement 
strategy similar to that in conventional 
milling[3][6].  
 
4. Powder mixed EDM (PMEDM)  
 
The mechanism of PMEDM is totally different 
from the conventional EDM [11]. A suitable 
material in the powder form is mixed into the 
dielectric fluid of EDM. When a suitable voltage 
is applied, the spark gap filled up with additive 
particles and the gap distance setup between tool 
and the work piece increased from 25–50 to 50–
150 mm [12]. The powder particles get energized 
and behave in a zigzag fashion Fig. 1.  
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Fig. 1. Principle of powder mixed EDM [13]. 
 
These charged particles are accelerated by the 
electric field and act as conductors. The powder 
particles arrange themselves under the sparking 
area and gather in clusters. The chain formation 
helps in bridging the gap between both the 
electrodes, which causes the early explosion. 
Faster sparking within discharge takes place 
causes faster erosion from the work. 
 
5. Dry EDM 
 
 In this process a thin walled pipe is used as 
tool electrode through which high-pressure gas or 
air is supplied. The role of the gas is to remove 
the debris from the gap and cooling of the 
interelectrode gap. The technique was developed 
to decrease the pollution caused by the use of 
liquid dielectric which leads to production of 





A wide research has been made in this field 
about the study of various aspects of EDM 
process. The contribution of EDM to industries 
such as cutting new hard materials make EDM 
technology remains indispensable. The review of 
the EDM process for difficult to cut materials in 
its different kinds their effects in the 
characteristics of die sink EDM is presented. 
Hydro-carbon oils and distilled water used as 
dielectric fluids resulted in a higher material 
removal rate (MRR) and a lower wear. With 
distilled water, the machining accuracy is poor but 
the surface finish is better. Powder mixed 
(PMEDM) can also improve machining efficiency 
in roughing operations. Electrically conductive 
powder reduces the insulating strength of the 
dielectric fluid and thus increases the spark gap 
between the tool and the work piece. Electric 
discharge machining can also be achieved with 
gaseous dielectrics such as air and oxygen(Dry 
EDM) . As the role of dielectric in EDM is highly 
complex, much research is needed to come out 
with newer hybrid dielectrics which will give 
quality machined surface at commercially viable 
prices. In short EDM is a better option for 
difficult to cut materials which are widely 
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